INTRODUCTION
============

Lung cancer is a major cause of cancer deaths worldwide ([@B1]) and has become the leading cause of cancer deaths in Korea ([@B2]). Advances in cancer treatment in the past two decades have contributed to only minimal increase in survival rates of patients with non-small cell lung cancer (NSCLC) ([@B3]). Despite apparent complete resection of the primary tumor, recurrence rates remain high and the overall 5-yr survival remains poor with \<15% of patients surviving 5 yr from diagnosis ([@B1]). Some tumors, regardless of clinically favorable staging, are quite aggressive and progress to fatal disease. This implies that the TNM staging of NSCLC may be an acceptable, but not a satisfactory, classification system. Recent molecular studies have provided increased understanding of the biology of lung cancer and have identified multiple factors responsible for the modulation of tumor growth and the prognosis ([@B4]-[@B6]). Nevertheless, the essential genetic features, along with factors for prognosis, have yet to be fully understood.

Altered regulation of the cell cycle is a hallmark of human cancers ([@B6]). The cell cycle is governed by cdks. An important mechanism for regulating the cdk activity involves the cdk inhibitors, which are organized into two families based on structure and function: the Cip/Kip family (p21, p27, p57) and the INK4 family (p16, p18, p19). Cyclin E/cdk2 complex is an important regulator of entry into the S phase of the cell cycle, whereas cyclin B1/cdc2 is the classic M phase-promoting factor that drives entry into mitosis ([@B7]-[@B10]). Ki-67 proliferative index appears to be associated with survival in patients with various malignancies, but results are conflicting for NSCLC. Apoptosis or programmed cell death is a crucial mechanism of cellular homeostasis in organisms ([@B11]-[@B14]). One of the hallmark features of cancer cells is their ability to evade apoptosis. Angiogenesis is the process by which new capillary beds are formed from preexisting vessels, and is important in tumor growth ([@B15]). Vascular endothelial growth factor (VEGF) is a potent growth factor for endothelial cells ([@B16]). Tumors may activate angiogenic inhibitors such as angiostatin and endostatin, which control growth by suppressing endothelial cell proliferation and angiogenesis and by indirectly increasing apoptosis in tumor cells ([@B17]).

In the present study, we used the high-throughput tissue microarray (TMA) technology combined with immunohistochemistry (IHC) analysis ([@B18], [@B19]) to define the clinical significance of altered expression of cell cycle regulatory or proliferation-related, apoptotic, and angiogenic factors. Immunophenotypes were correlated with patient outcome to determine their prognostic value.

MATERIALS AND METHODS
=====================

Patients
--------

Two hundred and nineteen patients with previously untreated NSCLC were included in this study. The study protocol was reviewed and approved by the Institutional Review Board at the Catholic University St. Vincent\'s Hospital. All patients underwent surgical resection at the Department of Thoracic Surgery. The patients were staged at the time of their surgery following the guidelines of the American Joint Committee on Cancer Staging ([@B20]). Clinical information was obtained through a computerized retrospective database of tumor registry. Patients who died within one month after surgery were excluded from the study to avoid bias of perioperative mortality. Only patients with stages I to IIIA disease and microscopically negative resection margins were included in this study. Patients did not receive neoadjuvant chemotherapy or radiotherapy. The survival duration was determined from the date of surgery for the primary lung cancer to date of last follow-up or date of death from lung cancer. Follow-up ranged from 1.6 to 117.8 months (median 38.9 months). Eighty-seven patients (39.7%) died during follow-up, and 132 were alive at the time of this study.

Histologic examination and TMA construction
-------------------------------------------

Hematoxylin and eosin stained slides were reviewed for confirmation of histopathologic diagnosis and for selection of adequate specimens for analysis. Histologic typing was performed according to the histological classification of lung cancer by the World Health Organization ([@B21]). When the tumors are composed of cells resembling the mature normal cells of the tissue of origin of the neoplasm, they were considered as well differentiated, and when the tumors have primitive-appearing, unspecified cells, they were considered as poorly differentiated.

Areas of viable, representative tumor were identified and marked by a pathologist (JY) for the construction of microarrays. Three to four cores, each measuring 2.0 mm in diameter, were sampled from different areas of the tumor with a precise instrument and were arrayed on a recipient paraffin block.

Immunohistochemistry
--------------------

For immunohistochemical staining, a sensitive peroxidase-streptavidin method, as described previously, was performed using four-µm sections of these array blocks. First sections were stained for H&E to verify histology.

The antibodies for cell cycle regulation used in this study were p16 (clone 16P07, NeoMarkers, Fremont, CA, U.S.A.), p21 (clone EA10, Zymed, San Francisco, CA, U.S.A.), p27 (NeoMarkers), cyclin E (clone 13A3, NeoMarkers), and cyclin B1 (clone GNS11, NeoMarkers). Proliferative activity was determined using anti-Ki-67 (clone 7B11, Zymed). The antibodies to detect the apoptotic factors were caspase-3 (clone 3CSP03, NeoMarkers), survivin (clone 4F7, NeoMarkers), and bcl-2 (clone bcl-2-100, Zymed). The antibodies for staining of angiogenic factors were VEGF (clone A20, Santa Cruz Biotechnology, Heidelberg, Germany), and endostatin (clone 1837-46, NeoMarkers).

Briefly, tissues cut from microarrays were deparaffinized in xylene and rehydrated in graded alcohols and water. Endogenous peroxidase was blocked by soaking in 3% H~2~O~2~ at 45℃ for 4 min. The slides were microwaved in citrate buffer (2.1 g/L, pH 6.0) at 120℃ for 15 min to unmask the antigen, and treated with a protein-blocking reagent before incubation at 4℃ overnight with primary antibodies at a 1:50 dilution, as recommended by the supplier. After extensive washing, the sections were incubated at room temperature for 10 min with biotinylated anti-mouse immunoglobulin antibodies (Zymed, San Francisco, CA) at a 1:20 dilution and subsequently with streptavidin-biotin peroxidase complexes at a 1:25 dilution. Reaction products were visualized by immersing slides in 3,3\'-diaminobenzidine tetrahydrochloride. Counterstaining was performed with hematoxylin. All series included positive and negative controls. Negative controls were prepared by omitting the primary antibodies and known positive controls were included in each run.

Three investigators independently evaluated the results from the immunohistochemical staining in a blinded fashion and obtained the identical results in 92% of the cases. For the discordant samples, slides were reviewed jointly and a consensus was reached. For the evaluation of immunoreactivity in tumor cells, a dichotomised scoring system was used as follows: p16 positivity if \>80% of tumor cells demonstrated either nuclear or cytoplasmic staining; p21 positivity if \>5% tumor nuclei stained; p27 positivity if \>20% of tumor nuclei stained; high Ki-67 labeling index and high cyclin E labeling index if \>30% tumor cells stained; caspase-3 positivity if nuclear or cytoplasmic staining was present in \>25% of tumor cells; survivin or bcl-2 positivity if \>10% tumor cell stained; VEGF expression if \>5% of tumor cells stained; endostatin positivity if scores between 3 and 6 (the sum of the percentage of tumor cells \[0, 1=\<25%, 2=26-50%, 3=\>50%\] and the staining intensity \[1-3\]) ([@B9], [@B12], [@B18], [@B22]-[@B26]).

Statistical analysis
--------------------

Statistical analysis was carried out using a software package (SPSS 13.0, Seoul, Korea). Survival probabilities were estimated using the Kaplan-Meier method and then compared with the log rank test. The influence of various clinicopathologic variables on the survival was assessed with the Cox proportional hazards model. The level of significance was set at *p*\<0.05.

RESULTS
=======

Clinicopathologic data
----------------------

Complete clinical and histologic data were available for all patients. One hundred and sixty-eight patients (76.7%) were male and the mean age was 65.8 yr (SD 9.9; median 67; age range 19-89). Patient characteristics are shown in [Table 1](#T1){ref-type="table"}.

Immunohistochemistry
--------------------

A significant variation was present in the expression of the individual immunohistochemical markers in tumor tissues. The highest rate of positivity was noted for VEGF in 92.7% of the tumors. The lowest rate of expression was observed with survivin in 2.7% of the samples. The expression profiles of all markers are presented in [Table 2](#T2){ref-type="table"}.

Of the cell-cycle regulation and proliferation-related proteins, p16 was expressed in 74 of 219 (33.8%) cases ([Fig. 1A](#F1){ref-type="fig"}). There were significant differences in T status and clinical stage between the p16-positive and -negative patients (*p*=0.049 and 0.038, respectively); normal p16 expression was more frequent in patients with T1 than in those with T2-3 (36.8% vs. 32.7%), and in patients with stage I than in patients with stage II-III (42.2% vs. 20.2%). Seventy-four tumors (68.5%) expressed p21. p21 expression was correlated with regional lymph node status (*p*=0.037) and with clinical stage (*p*=0.012). p27 immunoreactivity was identified in 71 cases (32.4%) and was more common in adenocarcinomas than in squamous cell carcinomas (*p*=0.035). Cyclin-B1 immunostaining was detected in 10 tumors (4.6%) without a clinically significant pattern. Cyclin E was positive in 84 samples (38.4%). In adenocarcinomas, cyclin-E staining was associated with differentiation (*p*=0.001); 3 of 29 well-differentiated tumors (10.3%), 25 of 64 moderately differentiated tumors (39.1%), and 13 of 26 poorly differentiated tumors (50%) were positive for cyclin-E (data not shown). For Ki-67, a high Ki-67 proliferative index was observed in 17 of 219 patients (7.8%).

Of the apoptotic factors analyzed in the study, caspase-3 was expressed in 84 tumors (38.4%). Reactivity for caspase-3 was present in 46 of 141 node-negative patients (32.6%) and 38 of 78 node-positive patients (48.7%) (*p*=0.049). Survivin expression was rarely seen, with a mere positive staining rate of 2.7%. bcl-2 immunoreactivity was observed in 25 cases (11.4%) ([Fig. 1B](#F1){ref-type="fig"}).

Of 219 patients, 203 (92.7%) and 191 (87.2%) had positive immunohistochemical staining for VEGF and endostatin, respectively. There was no significant influence of these two factors on histology, T status, regional lymph node status and clinical stage.

Five-year survival rates according to clinicopathologic variables and immunohistochemical expression profiles are summarized in [Table 3](#T3){ref-type="table"}. T status (53% vs. 44%; *p*=0.022), regional lymph node status (58% vs. 32%; *p*=0.004) and clinical stage (58% vs. 36%; *p*=0.006) demonstrated a significant correlation with 5-yr survival, respectively, based on the log-rank test.

Of 11 markers analyzed, p16 and bcl-2 had an impact on the 5-yr survival. There was a trend for p16 immunoreactivity to be associated with a good prognosis (5-yr survival, 57% vs. 42%; *p*=0.071). Patients with negative or positive bcl-2 expression had 5-yr survival rates of 45% and 65%, respectively, which was statistically significant (*p*=0.047, Mantel-Cox log-rank test) ([Fig. 2](#F2){ref-type="fig"}).

Combined analysis of bcl-2 and p16 expression identified 5-yr survival rates of 73.3% and 38.6% in patients with at least one of these factors and those with neither of these factors, respectively. These molecular phenotypes had a significant influence over clinical outcome (*p*=0.002). In addition, Hazard ratio was used to estimate hazard of death due to NSCLC for the baseline variables ([Table 4](#T4){ref-type="table"}). The hazard of death for node-positive patients was 1.855 times of the hazard of death for node-negative patients (*p*=0.004). The hazard of death for patients with tumor stages II-III was 1.994 times of the hazard of death for patients with tumor stage I (*p*=0.002). For the effects on survival, bcl-2 expression was statistically significant with a *p*-value of 0.029. The multivariate analysis for overall survival revealed three independent prognostic factors: regional lymph node status, stage and bcl-2 expression. Regional lymph node status (N1-2 vs. N0) was a significant and independent unfavorable prognostic factor (*p*=0.043), as was the advanced clinical stage (II-III vs. I) (*p*=0.003), whereas immunohistochemical expression of bcl-2 (positive vs. negative) was a significant and independent favorable prognostic factor (*p*=0.047).

DISCUSSION
==========

Management of a patient with NSCLC could be determined by the aggressiveness of the cancer, and the aggressive cancer phenotypes are characterized by a number of molecular abnormalities. Because of the complexity of the molecular biology of NSCLC, studies on a single molecular factor have not yet been successful in creating biological risk assessment. A few studies support the possibility that multiple markers might be more informative than any single marker for the prediction of clinical outcome of NSCLC ([@B4], [@B8]). This has prompted us to investigate 11 biologic markers, including those involved in cell cycle control and proliferation, apoptosis and angiogenesis, and to construct a multivariate analysis for these factors predicting the patients\' prognosis.

The major findings of our study are as follows: 1) expression of p16 was associated with T status in NSCLC; 2) expression of p21 or caspase-3 correlated with regional lymph node status; 3) expression of p16 or p21 correlated with stage; 4) patients with positive bcl-2 immunostaining or p16 immunoreactivity or both had a higher 5-yr survival rate; 5) bcl-2 expression constitutes an independent prognostic parameter, along with regional lymph node status and stage.

Cyclin E is involved in the regulation of G1-S transition of the cell cycle, whereas cyclin B1 is involved in the regulation of G2-M transition. An important mechanism for regulating the CDK activity involves the CDK inhibitors, including p21, p27, p57, p16, p18 and p19. Some of the alterations in expression of these proteins, which lead to the failure of cell cycle arrest, have been demonstrated to be predictive for outcome and thus may serve as markers of more malignant phenotypes ([@B27]). In the present study, p16 and p21 were found to correlate with T, N or stage. Only p16 had a direct impact on the 5-yr survival in patients with NSCLC. This is in agreement with the results of the study by Esposito et al. ([@B8]). In their multivariate analysis on cell cycle regulator proteins, the only immunohistochemical parameter that influenced overall survival was p16. It is suggested that cell cycle regulatory proteins may have different and multifunctional properties on cell proliferation and may contribute to their different effects on survival. The p16 expression may have a great value in identifying NSCLC patients with better prognosis.

As bcl-2 inhibits apoptosis, the bcl-2 overexpression should theoretically favor the malignant process and result in a poor outcome. However, there have been several studies describing a favorable outcome in NSCLC expressing bcl-2, although others have shown no survival advantage or even a worse prognosis ([@B14], [@B26]-[@B29]). Poleri et al. ([@B26]) described a poor outcome in patients with positive bcl-2 tumor. Cox et al. ([@B14]) investigated 167 patients with resected stage I-IIIA NSCLC and found a trend for bcl-2 expression to be associated with an improved survival, which was consistent with our findings. The reasons for this association are poorly understood. These conflicting results may have been due to the difference in the nature of tumor samples analyzed. In contrast to Poleri et al\'s. study limited to the stage I NSCLC ([@B26]), we included stage I-IIIA tumors, as in Cox et al. ([@B14]). The criteria for interpreting the results as positive or negative may also have attributed to this difference. Cytoplasmic bcl-2 staining was considered either positive or negative according to the investigators using different percentage criteria. While only samples with at least 20% of the tumor were regarded as being positive, immunoreaction in more than 5% or even 1% of the tumor cells was also considered as being expressed by others ([@B14], [@B30], [@B31]). Further investigations using the identical scoring criteria are necessary to establish a significance of bcl-2 expression in lung cancer outcome.

The bcl-2 expression has been demonstrated to be inversely related with angiogenesis, a finding that may account for the favorable prognosis. The present study, however, revealed a significant association between the bcl-2 immunoreactivity and VEGF (data not shown), suggesting that other mechanisms independent of the angiogenesis pathway may account for a better survival in patients with bcl-2 positivity. It has been suggested that loss of bcl-2 expression may represent tumor de-differentiation ([@B14], [@B32]).

VEGF is a potent growth factor for endothelial cells. While angiogenesis and increased VEGF have been shown to adversely affect NSCLC outcome by some authors, other studies showed no prognostic value of VEGF ([@B27]). We found no correlation between VEGF immunoreactivity and prognosis. Endostatin, one of angiogenic inhibitors, controls growth by suppressing endothelial cell proliferation and angiogenesis and by indirectly increasing apoptosis in tumor cells. The expression of endostatin has been demonstrated in several solid malignancies, including rectal cancer, ovarian cancer, hepatocellular carcinoma and NSCLC ([@B17], [@B27], [@B33]). Although higher expression of endostatin would be expected to improve survival, the impact of endostatin expression on clinical outcome remains unclear. Iizasa et al. ([@B17]) reported that the expression of collagen XVIII, an endostatin precursor, in tumor tissue correlated with elevated levels of circulating serum endostatin and was strongly associated with a poorer outcome in NSCLC. In this study, the majority of NSCLC cases demonstrated endostatin immunoreactivity. However, no statistically significant effect on survival was found.

In conclusion, the present study demonstrated that NSCLCs have heterogeneous expression of cell cycle regulatory proteins, apoptotic factors, and angiogenic factors. However, the expressions of p16 and bcl-2 were associated with a trend toward a better survival in this selected group of patients. These findings warrant additional molecular and clinicopathologic studies of those markers and their related pathways potentially relevant to prognosis in NSCLC.
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Clinicopathologic charateristics
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W, well differentiated; M, moderately differentiated; P, poorly differentiated.
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Molecular expression profiles
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VEGF, vascular endothelial growth factor.
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Five-year survival rate analysis (log-rank test) according to clinicopathologic parameters and protein expression profiles
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SCC, squamous cell carcinoma; AC, adenocarcinoma; VEGF, vascular endothelial growth factor.
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Cox proportional hazards model analysis of prognostic factors in patients with NSCLC
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CI, confidence interval; HR, hazard ratio; AC, adenocarcinoma; SCC, squamous cell carcinoma.
